We examined the effect of (þ)-ABA on the in vitro interaction of rice FCA and FY homologs, OsFCA and OsFY. From this analysis, we found no disruption of the OsFCA-OsFY complexes by ABA treatment. This result prompted us to examine the effect of ABA on the FCA-FY interaction. In these experiments, we could not reproduce the inhibitory effect of (þ)-ABA on the interaction between FCA and FY. Based on these combined results, we believe that the inhibitory effect of (þ)-ABA on the FCA-FY interaction should be cautiously reconsidered.
ABA, which is one of the most important phytohormones, has a profound effect on a variety of developmental processes in plants (Yamaguchi-Shinozaki and Shinozaki 2006) . These include embryo development, seed maturation and germination, root development and floral transition. Moreover, ABA mediates physiological responses to abiotic and biotic stress such as drought-induced stomatal closure, tolerance of water, salt, cold stress and wound or pathogen response. Genetic, cytological and biochemical approaches have been used to identify components involved in ABA signaling (Himmelbach et al. 2003 , Hirayama and Shinozaki 2007 , Finkelstein et al. 2008 ). These components of the ABA signaling pathway include a variety of proteins such as protein kinases, protein phophatases and RNA metabolism-related proteins. Second messengers, such as Ca 2þ and phosphatidic acid, also act as signaling mediators in the ABA response.
ABA receptors are important for understanding the ABA signaling mechanisms. Recent findings have revealed three ABA-binding receptors: the flowering time protein FCA (Razem et al. 2006 ), the Mg-chelatase H subunit (CHLH; Shen et al. 2006 ) and the G protein-coupled receptor 2 (GCR2) (Liu et al. 2007a ). Liu and colleagues (2007a) reported that Arabidopsis GCR2 was a plasma membrane receptor for ABA and interacted with the G protein a subunit GPA1. However, there has been much debate about the findings of this report , Johnston et al. 2007 , Liu et al. 2007b , Guo et al. 2008 , Illingworth et al. 2008 . CHLH is known to be a chloroplast protein, which works as a common core component in chlorophyll biosynthesis and plastid to nucleus signaling (Mochizuki et al. 2001, Walker and Willows 1997) . Shen et al. (2006) reported that Arabidopsis CHLH/ABAR was an ABA receptor and found that the classical ABA responses, such as the ABA-induced closing of stomatal pores and inhibition of seed germination, were impaired in Arabidopsis transgenic lines that underexpressed CHLH. They also showed that the ABAR protein was present in both green and non-green tissues.
FCA is an RNA-binding protein that interacts with the FY protein to control flowering time in Arabidopsis . Razem et al. (2006) showed that ABA disrupted this FCA-FY interaction and thereby affected FCA mRNA autoregulation and flowering time control in vivo. However, the loss of function in FCA mutants did not impair the two classical ABA responses, the ABA-induced closing of stomatal pores and inhibition of seed germination. Furthermore, two dominant ABA-insensitive mutants, abi1-1 and abi2-1, were not affected by the ABA inhibition of flowering (Schroeder and Kuhn 2006) . Therefore, FCA appears to be an ABA receptor that is specific for controlling flowering time. This is intriguing because some ABA responses involve mRNA metabolism (Hirayama and Shinozaki 2007) .
Since it has been reported that the interaction between FCA and FY could be inhibited by ABA in vitro (Razem et al. 2006) , we attempted to examine the effect of (þ)-ABA *Corresponding author: E-mail, jkkim@korea.ac.kr; Fax, þ82-2-927-9028.
on the in vitro interaction of its rice counterparts, OsFCA and OsFY. We have previously shown that OsFCA could partially rescue the late flowering phenotype of the Arabidopsis fca-1 mutant, suggesting that there was a functional conservation between FCA and OsFCA (Lee et al. 2005 ). Initially, we followed the experimental conditions of Razem et al. (2006) exactly to examine the effects of ABA disruption on the OsFCA-OsFY interaction. However, we found no disruption of the OsFCA-OsFY complexes by ABA treatment. Razem et al. (2006) also demonstrated that the ABA-binding site on the FCA protein was located in the C-terminal half of the protein, which contained the WW domain, but found that the WW domain itself was not the binding site. In addition, they have previously isolated a barley protein, ABAP1, that bound ABA in vitro (Razem et al. 2004 ). The amino acid sequence of this protein is highly homologous to the C-terminal half of OsFCA, which lacks a glycine-rich region and two RNA recognition motifs (RRMs) ( Fig. 1 ; Lee et al. 2005) . The Northern data for ABAP1 are also very similar to those of OsFCA (Razem et al. 2004 , Lee et al. 2005 . We also noticed that ABAP1 was a sequence homolog (81% amino acid sequence similarity) of the AK05849 clone, which is a shorter version of OsFCA cDNA. Therefore, ABAP1 may be a shorter version of a barley OsFCA homolog. The overall amino acid sequence similarity of OsFCA to the Arabidopsis FCA-protein is 38%, although their WW domains (93%) and two RRMs (78%) are highly conserved. Thus, the amino acid sequences in regions other than the two domains of these proteins are divergent, except a glutamine-rich region at the N-terminal side of the WW domain (Fig. 1) . Unlike FCA, OsFCA contains a glycine-rich region at its N-terminal side. Therefore, we examined whether any differences in relation to ABA binding could be observed between the full-length OsFCA (FL-OsFCA) and its truncated versions (ÁGly-OsFCA, OsWW and OsWW 0 ) (Fig. 1) . The ÁGly-OsFCA construct lacks the glycine-rich region of the FL-OsFCA. The OsWW construct is similar to the C-terminal half FCA construct, which contains the ABA-binding site (Razem et al. 2006) . The OsWW 0 construct is a shorter version of the OsWW, but lacks the glutamine-rich region.
Since we did not observe the inhibitory effect of ABA on the OsFCA-OsFY interaction, we increased the ABA concentration up to 3 mM and increased the incubation period of the reaction. However, we still did not observe any inhibitory effect with either the FL-OsFCA or any of its truncated versions (Fig. 2) . Furthermore, no difference was detected between the inhibitory effect of (þ)-and (AE)-ABA on the OsFCA-OsFY interaction. This result prompted us to examine the effect of ABA on the FCA-FY interaction. To examine the effect of ABA on the FCA-FY interaction, we first used the experimental conditions of Razem et al. (2006) and could not reproduce their results. Therefore, we increased the concentration of ABA up to 10 mM and increased the incubation period up to 2 h. However, we still could not reproduce the inhibitory effect of (þ)-ABA on the interaction between FCA and FY, despite using an (þ)-ABA concentration (10 mM) that was 10 times higher than the concentration previously reported to be effective (Fig. 3) .
In summary, we examined the inhibitory effect of (þ)-ABA on the FCA-FY and OsFCA-OsFY interactions.
In these experiments, we were not able to reproduce the results of Razem et al. (2006) , or to determine the inhibitory effect of (þ)-ABA on the interaction between OsFCA and OsFY. Therefore, based on these combined results, we believe the inhibitory effect of (þ)-ABA on the FCA-FY interaction should be cautiously reconsidered. We noticed that Risk and her colleagues also presented their data showing no effect of ABA on the FCA-FY interaction 
Materials and Methods
We amplified the OsFCA1-738 (FL-OsFCA), OsFCA112-738 (ÁGly-OsFCA), OsFCA367-716 (OsWW) and OsFCA570-738 (OsWW 0 ) sequences from an OsFCA cDNA clone (the numbers denote the positions of amino acid residues in a fulllength open reading frame of OsFCA-protein) and subcloned these amplified fragments into the glutathione S-transferase (GST)-tagged pETGST vector (a gift from Dr. Hyun Kyu Song). In addition, we amplified the FCA half (Fig. 1 ) from a FCA cDNA clone (a gift from Dr. Caroline Dean). The FY clone was kindly provided by Dr. Joonki Kim. The full-length OsFY was generated via PCR amplification from rice cDNA pools. The details of the PCR conditions and primers used in this study are described in Table 1 .
The GST pull-down assay was performed as previously described (Kim et al. 2006) . GST fusion recombinant proteins were incubated with cell lysates prepared from Escherichia coli or in vitro translation products synthesized from the T7 TNT-coupled Transcription/Translation System (Promega, Madison, WI, USA), and the mixtures were gently rotated for 2 h in a cold room. Subsequently, they were washed three times with the washing buffer and eluted with 10 mM reduced glutathione dissolved in 100 mM NaCl and 20 mM Tris-HCl, pH 7.2. The eluted samples were analyzed by 12% SDS-PAGE and then autoradiography was performed.
In order to test the effect of ABA on OsFCA-OsFY and FCA-FY interactions, a GST pull-down assay was performed in accordance with the method of Razem et al. (2006) except that we increased the concentration of (þ)-ABA up to 3 or 10 mM and altered the incubation period as follows: the GST fusion proteins were incubated with (þ)-or (AE)-ABA (Sigma-Aldrich, St Louis, MO, USA), in vitro translated OsFY or FY was added to the incubation mixture for 1 h after the addition of ABA, and the reaction was allowed to proceed for an additional 2 h with continuous gentle mixing at 48C. 
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